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Abstract:  
This paper presents a 3D phenotyping method applied to sunflower, allowing to compute the leaf area 
of an isolated plant. This is a preliminary step towards the automated monitoring of leaf area and plant 
growth through the plant life cycle.  
 
First, a model-based segmentation method is applied to 3D data derived from RGB images acquired on 
sunflower plants grown in pots. The RGB image acquisitions are made all around the isolated plant 
with a single hand-held standard camera (Sony A5100) and a 3D point cloud is computed using 
Structure from Motion and Multiple-view Stereo techniques [1, 2]. To do that, we used Bundler [3] and 
PMVS [4], Open Source libraries which can produce an accurate point cloud for plant phenotyping [5].  
 
Then a model-based segmentation method is applied in order to segment and label the plant leaves, i.e. 
to split up the point cloud in regions, one for the stem, the other ones for the leaves [6, 7, 8]. The leaf 
label is determined using the elevation of its petiole insertion point on the stem, and the relative 
orientation with respect to the previous leaf. In sunflower, it is observed that the leaves labeled 5 and 6 
have opposite orientations while insertion points of the remaining leaves  have relative orientations 
around 137° with the previous ones [9]. Every leaf is then reconstructed with NURBS, as made in [5] 
and its area is computed from the triangular mesh. The segmentation method is validated comparing 
these areas with the ones measured manually using a planimeter. 
 
Results from segmentation and 3D reconstruction are presented on Figure 1; it is shown on Figure 2 
that differences between automatic and manual measurements are less than 10%; Figure 3 shows how 
the extracted sunflower model is consistent with the known phyllotaxic model. The present results open 
interesting perspectives in direction of high-throughput sunflower phenotyping. 
 
 
Figure1. Results on a sunflower plant: (left) point cloud, (middle) leaf segmentation, (right) leaf 
modelling with NURBS. 
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Figure2. Comparison of leaf area: ground truth 
vs computed with NURBS. 
 
 
Figure3. Results of computed phyllotaxic 
angles 
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